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Abstract: Medium resolution imagery, such as SPOT4 Xi imagery, has often proved to be inadequate 
when mapping heterogeneous Mediterranean landscapes. Although very high resolution satellite 
imagery, such as IKONOS, is expected to bring new insight into land cover mapping of such 
landscapes, there are also limitations in its use. 

The aim of this study was to investigate an alternative means of mapping Mediterranean landscapes, 
namely, the potential offered by combining SPOT4 Xi with IKONOS imagery. More specific 
objectives were: (i) to examine the advantages and disadvantages of IKONOS imagery when used for 
the aforementioned purpose, and (ii) to investigate if the combined use of the two sensors is 
technically and financially feasible for this purpose. A region with a typical complex Mediterranean 
landscape in the island of Crete, Greece, was chosen as the study area. The CORINE classification 
scheme and the Maximum Likelihood (ML) technique were used. 

The accuracy derived was low for both classification attempts (SPOT: 36%, IKONOS: 52%) mainly 
due to the fact that, in many classes, DNs within the same class did not have normal distribution, as 
it is assumed by the ML algorithm. Nevertheless, the accuracy was improved when classification was 
based on the use of IKONOS instead of SPOT imagery (+16%). The main advantages of IKONOS 
imagery were the facilitation with which the sampling-sites were collected for the classification 
procedure and the accuracy assessment, as well as its appropriateness for use as a reference for the 
geometric correction of the SPOT image. The main disadvantage was the observed deterioration in 
accuracy with regard to the highly heterogeneous classes. In conclusion, the combined use of the 
two types of imagery proved to be far more favourable than the use of the SPOT imagery alone. 

Keywords: Land cover mapping, Mediterranean landscape, SPOT4 Xi, IKONOS. 

Resumé: Les images de moyenne résolution, comme celles de SPOT4 Xi, s'avéraient souvent être 
inadéquates pour cartographier des paysages Méditerranéens. D'autre part, l'utilisation d'images 
satellitaires de très haute résolution, comme celles d�IKONOS, bien qu'on s'y attende pour apporter 
une nouvelle compréhension dans la configuration de couverture de terre de tels paysages 
hétérogènes, montre des restrictions sérieuses. 

L�objectif cette étude était d'examiner comme une alternative, l'utilisation potentielle de SPOT4 Xi et 
d� IKONOS pour dresser la carte de paysages Méditerranéens. Des objectifs plus spécifiques étaient: 
(i) d�examiner les avantages et les inconvénients d'images IKONOS pour le but mentionné ci-dessus 
et (ii) d�examiner si les deux détecteurs peuvent être complémentaires à cette fin. Situé à Crète en 
Grèce, le secteur d�étude a été choisi comme exemple typique d'un paysage méditerranéen 
complexe. L'arrangement de classification CORINE a été utilisé et la technique de Probabilité 
Maximale (ML) a été employée. 

L'exactitude dérivée était basse pour les deux tentatives de classification étant donné que (SPOT: 
36%; IKONOS: 52%), principalement dans la plupart des classes, le DNs dans la même classe n'a 
pas eu la distribution normale comme l'algorithme de ML suppose. Néanmoins, l'exactitude a été 
améliorée quand la classification a été basée sur l'utilisation d'IKONOS au lieu de l�image SPOT 
(+16%). Les avantages principaux de l�image d'IKONOS étaient la facilitation avec laquelle les 
échantillons de site ont été rassemblés pour la procédure de classification et l'évaluation 
d'exactitude, aussi bien que sa convenance pour l'usage comme référence pour la correction 
géométrique de l'image de SPOT. L'inconvénient principal était la détérioration observée dans 
l'exactitude en ce qui concerne les classes fortement hétérogènes. En conclusion, l'utilisation 
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combinée des deux types d�imageries s'est avérée être plus favorable que l'utilisation de l'image 
SPOT toute seule.La desertification affecte l�environnement du Liban et ses ressources; le pays 
jouissant pourtant d�une bonne part d�eau et de couverture végétale. Plusieurs menaces favorisant la 
dégradation du sol rehaussent la vulnérabilité du pays. L�article révèle ces menaces et souligne la 
nécessité de les affronter avec de propres solutions à base d�informations utiles. Plus ces dernières 
sont disponibles, moins vulnérable est le pays. De pareilles informations doivent être 
intersectorielles, intégrées et peuvent être mieux obtenues par télédétection, notamment l�utilisation 
des indicateurs. 

Mots-clés : Cartographie du couvert du terrain, Paysage Méditerranéen, SPOT4 Xi, IKONOS. 

ȱ

Introduction 

Nationalȱauthoritiesȱandȱinternationalȱorganisationsȱworldwideȱareȱinterestedȱinȱtheȱdivisionȱofȱ
theȱ landscapeȱ accordingȱ toȱ theȱ variousȱ classesȱ ofȱ landȱ cover,ȱ forȱ example,ȱ intoȱ urbanȱ areas,ȱ
arableȱland,ȱgrasslands,ȱforestsȱorȱwetlands.ȱTheȱcreationȱofȱaȱlandȱcoverȱmapȱemergesȱnotȱonlyȱ
fromȱ theȱneedȱ toȱgenerateȱ informationȱ thatȱwouldȱbeȱusefulȱ forȱgeneralȱpolicyȱpurposes,ȱbutȱ
alsoȱ fromȱ theȱneedȱ toȱcontrolȱdevelopmentȱatȱaȱ localȱ level;ȱ forȱexample,ȱ theȱneedȱ toȱconserveȱ
naturalȱresources,ȱtoȱdealȱwithȱproblemsȱincurringȱasȱaȱresultȱofȱtourismȱdevelopmentȱandȱlocalȱ
authorityȱplanning,ȱamongȱothers.ȱ

Today,ȱaȱwideȱrangeȱofȱsatelliteȱsensors,ȱsuchȱasȱLANDSATȱTM,ȱSPOTȱXiȱandȱ IRS,ȱasȱwellȱasȱ
airborneȱsensorsȱ(includingȱphotographicȱcameras)ȱareȱextensivelyȱusedȱforȱlandȱcoverȱmappingȱ
onȱdifferentȱscalesȱbyȱemployingȱaȱlargeȱnumberȱofȱimageȱinterpretationȱtechniques.ȱAccordingȱ
toȱColemanȱ (1997),ȱmanyȱ studiesȱhaveȱ shownȱ thatȱ landȱ coverȱmapsȱwithȱ accuraciesȱ rangingȱ
betweenȱ50%ȱandȱ90%ȱcanȱbeȱgeneratedȱfromȱdigitalȱimageryȱonȱregionalȱ(TrolierȱandȱPhilipson,ȱ
1986;ȱHillȱandȱMegier,ȱ1988;ȱShimodaȱetȱal.,ȱ1988;ȱColemanȱandȱGudapati,ȱ1989;ȱLovelandȱetȱal.,ȱ
1991;ȱColemanȱetȱal.,ȱ1992)ȱandȱ localȱscalesȱ (Nixonȱetȱal.,ȱ1987;ȱEverittȱetȱal.,ȱ1987,ȱ1989,ȱ1990,ȱ
1991).ȱTheȱ selectionȱ ofȱ theȱ sensorȱ andȱ theȱ analysisȱmethodȱ toȱ beȱusedȱ isȱdeterminedȱ byȱ theȱ
specificȱobjectives,ȱtheȱdataȱavailability,ȱtheȱcost,ȱandȱtheȱlandscapeȱtype.ȱItȱshouldȱalsoȱbeȱnotedȱ
thatȱthereȱ isȱaȱspecificȱrelationshipȱbetweenȱtheȱdegreeȱofȱdetailȱ inȱaȱclassificationȱschemeȱandȱ
theȱspatialȱresolutionȱofȱ theȱremotelyȱsensedȱdataȱusedȱ toȱprovideȱ informationȱ (Jensen,ȱ1996).ȱ
SPOTȱimagery,ȱforȱexample,ȱwhichȱisȱofȱmediumȱspatialȱresolution,ȱhasȱbeenȱwidelyȱusedȱsinceȱ
1986ȱ forȱ constructingȱ 1:50ȱ 000ȱ landȱ coverȱmapsȱ (Buttnerȱ etȱ al.,ȱ 2001)ȱ andȱ isȱ reportedȱ toȱ beȱ
particularlyȱsuccessfulȱwhenȱappliedȱtoȱtheȱclassificationȱofȱurbanȱandȱindustrialȱareasȱ(Barrettȱ
andȱ Curtis,ȱ 1992;ȱNellisȱ etȱ al.,ȱ 1997).ȱ Itȱ hasȱ alsoȱ beenȱ reportedȱ toȱ beȱ veryȱ successfulȱwhenȱ
mappingȱhomogeneousȱlandscapes,ȱforȱexample,ȱdenseȱforestȱandȱlargeȱagriculturalȱfieldsȱwithȱ
fullȱcropȱcoverageȱ(Townshendȱetȱal.,ȱ1990).ȱȱ

Mediterraneanȱlandscapes,ȱhowever,ȱareȱquiteȱdifferentȱfromȱotherȱlandscapesȱofȱtheȱworld.ȱTheȱ
mainȱ differencesȱ canȱ beȱ attributedȱ toȱ theȱ specificȱ climaticȱ conditions,ȱ theȱ longȱ andȱ intenseȱ
humanȱimpact,ȱandȱtheȱroleȱofȱfire.ȱManyȱcenturiesȱofȱintenseȱhumanȱpressureȱ(resultingȱinȱtheȱ
burning,ȱ cuttingȱandȱgrazingȱofȱnonȬarableȱ landsȱandȱ theȱ clearing,ȱ terracing,ȱ cultivation,ȱandȱ
laterȱ abandonmentȱ ofȱ arableȱ portions)ȱ haveȱ createdȱ aȱ stronglyȱ humanȬinfluencedȱ landscapeȱ
(Gitas,ȱ1999;ȱPausasȱandȱVallejo,ȱ1999).ȱMoreover,ȱtheȱexistenceȱofȱundulatingȱrelief,ȱaȱcommonȱ
featureȱ ofȱ theȱ Mediterraneanȱ landscape,ȱ increasesȱ spatialȱ reflectanceȱ variability,ȱ thusȱ
introducingȱextraȱ limitationsȱtoȱaȱconventionalȱclassificationȱapproachȱ(Gong,ȱ1996;ȱJongȱetȱal.,ȱ
2001)ȱ(Fig.ȱ1).ȱȱ

Asȱ aȱ result,ȱMediterraneanȱ landscapesȱ comprisingȱ openȱ typeȱ forests,ȱ garrigue,ȱ agriculturalȱ
cropsȱgrownȱ inȱrows,ȱetc.,ȱareȱcomplexȱandȱhighlyȱ fragmented,ȱandȱ thereforeȱveryȱdifficultȱ toȱ
map.ȱ Accordingȱ toȱ Karydasȱ etȱ al.ȱ (2002),ȱ theȱ mainȱ difficultiesȱ encounteredȱ inȱ landȱ coverȱ
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mappingȱMediterraneanȱlandscapesȱusingȱSPOT4ȱXiȱimageryȱwithȱsubsequentȱlowȱaccuracyȱcanȱ
beȱsummarisedȱasȱfollows:ȱȱ

Üȱ difficultiesȱinȱfindingȱrelativelyȱhomogeneousȱareasȱinȱtheȱfieldȱtoȱbeȱusedȱasȱtrainingȱsitesȱ
inȱtheȱclassificationȱandȱaccuracyȱassessmentȱprocedures;ȱ

Üȱ difficultiesȱinȱtheȱdeterminationȱofȱtheȱproperȱclassificationȱscheme;ȱandȱ

Üȱ difficultiesȱinȱtheȱdeterminationȱofȱtheȱproperȱmappingȱunit.ȱȱ

ȱ
 A characteristic view of a heterogeneous Mediterranean environment: the fragmentation 

of the landscape is apparent (Photo: C.G. Karydas). 

Recently,ȱnewȱ typesȱofȱ images,ȱsuchȱasȱ thoseȱofȱ theȱsatelliteȱ IKONOS,ȱwhichȱwasȱ theȱworld�sȱ
firstȱcommercialȱveryȱhighȱresolutionȱEarthȱimagingȱsatelliteȱtoȱbeȱlaunchedȱ(1999),ȱhaveȱopenedȱ
upȱ aȱnewȱ fieldȱ inȱ remoteȱ sensingȱ (Tanakaȱ andȱSugimura,ȱ 2001).ȱMoreover,ȱoneȱofȱ theȱmajorȱ
applicationsȱinȱwhichȱIKONOSȱimagesȱareȱexpectedȱtoȱbringȱnewȱinsightȱisȱlandȱcoverȱmapping.ȱ
Theȱ veryȱ highȱ spatialȱ resolutionȱ ofȱ anȱ IKONOSȱ imageȱ (82ȱ cmȱ inȱ nadirȱ viewing)ȱ resultsȱ inȱ
imagesȱthatȱareȱcomparableȱtoȱthoseȱofȱaerialȱphotography,ȱandȱthusȱcanȱbeȱregardedȱasȱaȱgoodȱ
alternativeȱ toȱ theȱ latter.ȱMoreover,ȱ theȱuseȱofȱ IKONOSȱ imageryȱhasȱ theȱ followingȱadvantagesȱ
overȱtheȱuseȱofȱaerialȱphotographyȱ(RishmawiȱandȱGitas,ȱ2001):ȱ

Üȱ IKONOSȱimagesȱareȱacquiredȱregularly,ȱwhileȱthisȱ isȱnotȱtheȱcaseȱforȱaerialȱphotography,ȱ
especiallyȱinȱdevelopingȱcountries;ȱ

Üȱ IKONOSȱ imagesȱ areȱ acquiredȱwithoutȱ anyȱ specialȱ permissionȱ fromȱ nationalȱ authoritiesȱ
andȱmappingȱagencies;ȱandȱ

Üȱ IKONOSȱimagesȱcoverȱsignificantlyȱlargerȱareasȱperȱimageȱframe.ȱ

Inȱ severalȱ landscapeȱmonitoringȱ studies,ȱ IKONOSȱ imageryȱ canȱ functionȱ complementaryȱ toȱ
aerialȱphotographyȱ asȱ theȱ sequenceȱ toȱ anȱ existingȱhistoricalȱ aerialȱphotoȱdataȱ archiveȱ (Gydeȱ
Lynd,ȱ1998).ȱItȱcanȱalsoȱprovideȱtheȱsourceȱforȱaȱpotentialȱrangeȱofȱspatialȱscalesȱwhenȱneededȱ
(Strandȱetȱal.,ȱ2002).ȱ

Nevertheless,ȱ itȱshouldȱbeȱnotedȱ that,ȱalthoughȱ theȱ informationȱcontentȱofȱanȱ imageȱ increasesȱ
withȱ spatialȱ resolution,ȱ theȱaccuracyȱofȱ landȱ cover/useȱ classificationȱmayȱdecreaseȱdueȱ toȱ theȱ
increaseȱ inȱwithinȬclassȱvariability,ȱwhichȱ isȱ inherentȱ inȱ aȱmoreȱdetailedȱ imageȱ (Townshend,ȱ
1981;ȱIronsȱetȱal.,ȱ1985;ȱCushinie,ȱ1987).ȱAlso,ȱtheȱsmallȱspatialȱcoverageȱofȱanȱIKONOSȱscene,ȱinȱ
conjunctionȱwithȱtheȱhighȱcostȱofȱtheȱproductȱandȱtheȱneedȱforȱlengthyȱprocessing,ȱrestrictsȱtheȱ
useȱofȱIKONOSȱimageryȱtoȱlocalȱscalesȱ(RishmawiȱandȱGitas,ȱ2001).ȱConsequently,ȱIKONOSȱisȱ
veryȱdifficultȱtoȱuseȱasȱtheȱonlyȱtypeȱofȱdataȱtoȱmapȱtheȱlandȱcoverȱofȱlargeȱareasȱand,ȱasȱaȱresult,ȱ
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anȱ alternativeȱ methodȱ needsȱ toȱ beȱ considered.ȱ Withinȱ thisȱ context,ȱ theȱ combinedȱ useȱ ofȱ
IKONOSȱ imageryȱwithȱmediumȱ resolutionȱ imagery,ȱ suchȱ asȱ thatȱofȱSPOT4ȱXi,ȱ isȱ aȱpotentialȱ
alternative.ȱ

Theȱaimȱofȱ thisȱ studyȱwasȱ toȱ investigateȱ theȱpotentialȱofȱ theȱ combinedȱuseȱofȱSPOT4ȱXiȱandȱ
IKONOSȱimageryȱtoȱmapȱMediterraneanȱlandscapes.ȱMoreȱspecificȱobjectivesȱwere:ȱ(i)ȱtoȱexamineȱ
theȱ advantagesȱ andȱ disadvantagesȱ ofȱ IKONOSȱ imageryȱ whenȱ mappingȱ theȱ landȱ coverȱ ofȱ
Mediterraneanȱlandscapes;ȱandȱ(ii)ȱtoȱinvestigateȱwhetherȱtheȱcombinedȱuseȱofȱtheȱtwoȱsensorsȱ
isȱtechnicallyȱandȱfinanciallyȱfeasibleȱforȱthisȱpurpose.ȱTheȱbasicȱhypothesisȱofȱtheȱworkȱwasȱthatȱ
landȱ coverȱmappingȱ inȱ theȱMediterranean,ȱwhichȱ atȱ presentȱmakesȱ greaterȱ useȱ ofȱ SPOTȱ orȱ
LANDSATȱ TMȱ imagery,ȱ canȱ beȱ improvedȱ whenȱ IKONOSȱ imageryȱ isȱ employedȱ toȱ mapȱ
particularlyȱcomplexȱareas.ȱȱ

Materials And Methods 

Study area 

AȱregionȱwithȱaȱtypicalȱcomplexȱMediterraneanȱ landscapeȱ inȱtheȱwesternȱpartȱofȱtheȱ islandȱofȱ
Crete,ȱGreece,ȱwasȱ chosenȱasȱ theȱ studyȱarea.ȱCrete,ȱwithȱaȱ totalȱ surfaceȱareaȱofȱ8,336ȱKm2,ȱ isȱ
locatedȱ inȱ theȱ easternȱpartȱofȱ theȱMediterraneanȱSeaȱ (betweenȱ34°55ȇȱ andȱ 35°41ȇȱ latitudeȱandȱ
23°30ȇȱandȱ26°19ȇȱlongitude).ȱTheȱsurfaceȱofȱtheȱstudyȱareaȱwasȱ220ȱkm2ȱ(Fig.ȱ2).ȱ

a 

Aegean sea C R E T Eb 

ȱ
 a) The island of Crete is located in the eastern part of the Mediterranean Sea. b) The 

island of Crete: the study area is shown in the black frame. 

Theȱpredominantȱ floraȱofȱ theȱstudyȱareaȱconsistedȱmainlyȱofȱmaquis,ȱgarrigueȱandȱphryganicȱ
vegetation,ȱwithȱsmallȱdispersionsȱofȱconiferous,ȱchestnutȱandȱplaneȱforests.ȱOliveȱtrees,ȱvines,ȱ
fruitȱplantationsȱandȱpasturesȱconstitutedȱtheȱmainȱagriculturalȱcropsȱinȱtheȱarea.ȱGoats,ȱwhichȱ
areȱfoundȱinȱtheȱhighlands,ȱwereȱtheȱpredominantȱspeciesȱofȱfaunaȱandȱtheȱmainȱstockȬbreedingȱ
animals.ȱ

Imagery 

Theȱ imageryȱusedȱcomprised:ȱ (i)ȱaȱSPOT4ȱXiȱ rawȱproduct,ȱacquiredȱonȱ02Ȭ05Ȭ1998ȱatȱapprox.ȱ
10:30ȱ a.mȱ localȱ solarȱ time,ȱ andȱ (ii)ȱ aȱ �CARTERRAȱ Pro�ȱ productȱ ofȱ theȱ IKONOSȱ sensorȱ inȱ
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Pansharpenedȱ modeȱ (fourȱ spectralȱ bands,ȱ 1ȱ m.ȱ spatialȱ resolution),ȱ inȱ theȱ UTM/WGS84ȱ
Projection/Datumȱgeoreferenceȱ systemȱ (zone34),ȱ acquiredȱonȱ 31Ȭ05Ȭ2000ȱ atȱ approx.ȱ 10:30ȱ a.mȱ
localȱ solarȱ time.ȱ �CARTERRAȱ Pro�ȱ productsȱ areȱ orthorectifiedȱ imagesȱ thatȱ doȱ notȱ requireȱ
groundȱ controlȱ andȱmeetȱNIMAȱ standardsȱ forȱ aȱ 1:12ȱ 000ȱ cartographicȱ scale.ȱ Thus,ȱ theyȱ areȱ
suitableȱ forȱ projectsȱ requiringȱ highȬresolutionȱ imageryȱ andȱ mediumȬscaleȱ accuracyȱ whenȱ
groundȱcontrolȱdataȱmayȱbeȱcostly,ȱdifficultȱorȱimpossibleȱtoȱacquire.ȱTheȱmainȱcharacteristicsȱofȱ
theȱproductsȱofȱSPOT4ȱ andȱ IKONOSȱ sensorsȱareȱ shownȱ inȱTableȱ 1ȱ (Spotȱ Image,ȱ2003;ȱSpaceȱ
Imaging,ȱ2002).ȱ

 The main standards of SPOT4 and IKONOS imagery (nominal values). 

Sensors Mode SPOT 4 PAN Xi 
IKONOS 
Panchromatic 

Multispectral 

Spatial resolution 10 m 20 m 1 m 4 m (1m)* 

Spectral bands 0.50-0.73 ΐm  0.45-0.90ȱΐm Blue: 0.45-0.52 ΐm 
  Green: 0.50-0.59 ΐm  Green: 0.51-0.60 ΐm 
  Red: 0.61-0.68 ΐm  Red: 0.63-0.70 ΐm 
  NIR: 0.78-0.89 ΐm  NIR: 0.78-0.85 ΐm 
  MIR: 1.58-1.75 ΐm   

Positional precision  
(as a circular error at 
90% of confidence) <350 m  <10.2 m  
Image frame (nadir) 60x60 km  11x11 km  
Revisit time 1 to 4 days  1.5 to 2.9 days  
Altitude 822 km  681 km  

*Pansharpened mode: Multispectral with 1 m spatial resolution 

 

Methodology 

Theȱ supervisedȱ classificationȱmethod,ȱwhichȱ combinesȱ spectralȱ informationȱ fromȱ theȱ imagesȱ
withȱ informationȱfromȱtheȱfield,ȱwasȱemployedȱasȱtheȱ landȱcoverȱmappingȱmethod.ȱHowever,ȱ
theȱcollectionȱofȱfieldȱdataȱwasȱbasedȱonȱaȱvisualȱinterpretationȱofȱtheȱIKONOSȱimage,ȱinsteadȱofȱ
theȱ inȱ situȱ collectionȱ ofȱ it.ȱ Asȱ aȱ consequence,ȱ inȱ orderȱ thatȱ theȱ implementationȱ ofȱ theȱ
interpretationȱ resultsȱ isȱ possibleȱ onȱ theȱ SPOTȱ image,ȱ theȱ rectificationȱ ofȱ theȱ SPOTȱ imageȱ inȱ
accordanceȱwithȱtheȱIKONOSȱimageȱwasȱneeded.ȱTheȱreasonȱforȱtheȱaforementionedȱtacticȱwasȱ
that,ȱanyȱinȱsituȱfieldȱdataȱcollectionȱwithȱtheȱuseȱofȱaȱGPSȱreceiverȱforȱfeatureȱlocation,ȱwouldȱ
renderȱtheȱcollectedȱdataȱdifficultȱtoȱuseȱforȱtheȱclassificationȱofȱtheȱSPOTȱimage,ȱbecauseȱSPOTȱ
imagesȱcarryȱaȱpositionalȱerrorȱofȱ350ȱm,ȱandȱ thusȱ theȱ locationsȱrecordedȱbyȱ theȱGPSȱreceiverȱ
wouldȱ notȱ fitȱ theȱ respectiveȱ locationsȱ onȱ theȱ SPOTȱ image.ȱ Theȱ alternativeȱ ofȱ aȱ minimumȱ
homogeneousȱ areaȱ ofȱ 7,845ȱ m2ȱ forȱ eachȱ classificationȱ sampleȱ (accordingȱ toȱ Justiceȱ andȱ
Townshendȱformula,ȱ1981),ȱwouldȱalsoȱbeȱprovedȱimpossibleȱinȱaȱhighlyȱfragmentedȱlandscape,ȱ
suchȱasȱthisȱofȱCrete.ȱȱ

Landȱcoverȱmappingȱfocusedȱonȱtwoȱdifferentȱareas:ȱtheȱtotalȱstudyȱareaȱ(220ȱkm2),ȱtheȱmappingȱ
ofȱwhichȱwasȱcarriedȱoutȱusingȱonlyȱtheȱSPOTȱimage,ȱandȱaȱsmallerȱareaȱofȱspecialȱcomplexityȱ
(12ȱkm2)ȱinsideȱtheȱtotalȱstudyȱarea,ȱtheȱmappingȱofȱwhichȱwasȱcarriedȱoutȱusingȱtheȱIKONOSȱ
imageȱ(Fig.ȱ3).ȱ

Hence,ȱtheȱindividualȱstepsȱtakenȱinȱtheȱmethodologyȱprocedureȱwereȱ(Fig.ȱ4):ȱ

Üȱ visualȱinterpretationȱofȱtheȱIKONOSȱimage;ȱ

Üȱ rectificationȱofȱtheȱSPOTȱimageȱinȱaccordanceȱwithȱtheȱIKONOSȱimage;ȱ



32 

Üȱ classificationȱ ofȱ theȱ SPOTȱ andȱ theȱ IKONOSȱ imagesȱ (totalȱ areaȱ andȱ areaȱ ofȱ specialȱ
complexity,ȱrepsectively);ȱandȱ

Üȱ accuracyȱassessmentȱofȱtheȱclassifiedȱSPOTȱandȱIKONOSȱimages.ȱ

Theȱaboveȱstepsȱareȱdiscussedȱoverleaf.ȱ

ba 

ȱ
 a) The total study area and the area of special complexity (outlined by the white frame), 

as shown in the SPOT image. b) The area of special complexity, as shown in the IKONOS image. 

Visual interpretation of the IKONOS image 

AȱvisualȱinterpretationȱofȱtheȱIKONOSȱimageȱwasȱnecessaryȱinȱorderȱtoȱcollectȱtrainingȬsitesȱforȱ
theȱ classificationȱ procedureȱ andȱ testingȬsitesȱ forȱ theȱ accuracyȱ assessmentȱ procedure.ȱ Visualȱ
interpretationȱ ofȱ anȱ imageȱ isȱ aȱmethodȱwherebyȱ separateȱ objectsȱ andȱ patternȱ elementsȱ areȱ
identifiedȱ andȱ regionsȱ ofȱ relativelyȱ uniformȱ compositionȱ andȱ appearanceȱ areȱ accuratelyȱ
delineated.ȱ Visualȱ interpretationȱ isȱ basedȱ onȱ theȱ skillsȱ ofȱ theȱ interpreterȱ inȱ termsȱ ofȱ hisȱ
education,ȱtraining,ȱperceptualȱabilityȱandȱexperienceȱ(Hoffmanȱetȱal.,ȱ2001).ȱBecauseȱIKONOSȱ
imagesȱareȱcomparableȱ toȱaerialȱphotographs,ȱ theirȱvisualȱ interpretationȱ isȱbasedȱonȱ theȱsameȱ
recognitionȱ elementsȱasȱ thoseȱofȱaerialȱphotographyȱ (forȱ anȱ extensiveȱoverviewȱofȱ theȱvisualȱ
interpretationȱ recognitionȱ elements,ȱ seeȱ Averyȱ andȱ Berlin,ȱ 1992).ȱ Moreover,ȱ theȱ veryȱ highȱ
spatialȱresolutionȱofȱanȱIKONOSȱimage,ȱcombinedȱwithȱitsȱabilityȱtoȱdisplayȱtheȱimageȱinȱtrueȬ
colour,ȱresultsȱinȱaȱveryȱcloseȱtoȱrealityȱperceptionȱofȱtheȱlandscapeȱ(Fig.ȱ5).ȱ

However,ȱasȱisȱtheȱcaseȱwithȱallȱvisualȱinterpretations,ȱthisȱfirstȱinterpretationȱattemptȱlikewiseȱ
provedȱtoȱimposeȱseveralȱrestrictions,ȱtheȱmajorȱonesȱbeing:ȱ

Üȱ inȱareasȱwhereȱ largeȱmatureȱoliveȱ treesȱcanȱbeȱ found,ȱ theȱoliveȱgrovesȱwereȱoccasionallyȱ
confusedȱwithȱpineȱforests;ȱȱ
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Üȱ recentlyȱestablishedȱvineyardsȱwereȱoccasionallyȱconfusedȱwithȱcerealȱparcelsȱorȱclearedȱupȱ
areas;ȱandȱ

Üȱ broadȬleavedȱforestsȱ(chestnutȱandȱplane)ȱwereȱoccasionallyȱconfusedȱwithȱsclerophyllousȱ
vegetation.ȱ

Classified 
SPOT 
image 

Classified 
IKONOS 

image 

Rectified 
SPOT 
image 

Field 
survey 

Raw SPOT 
image 

Ortho-rectified 
IKONOS image 

Accuracy 
assessment 

Visual 
interpretation of 

the IKONOS 
image  

Training sites 
Testing sites 

ȱ
 The methodology followed. 

Givenȱthisȱconfusion,ȱaȱfieldȱsurveyȱwasȱcarriedȱoutȱtoȱclarifyȱtheȱcompositionȱofȱtheȱlandscapeȱ
inȱ situ.ȱ Theȱ initialȱ visualȱ interpretationȱ approachȱwasȱ checkedȱ outȱ andȱ allȱ theȱ classesȱ toȱ beȱ
includedȱinȱtheȱclassificationȱschemeȱwereȱidentifiedȱbyȱdelineatingȱtheirȱcoverageȱwithȱpolygonȱ
linesȱ onȱ aȱ falseȬcolourȱ hardcopyȱ ofȱ theȱ IKONOSȱ image.ȱ Anȱ adequateȱ numberȱ ofȱ groundȱ
photographsȱwereȱalsoȱtaken.ȱ

Rectification of the SPOT image 

RectificationȱofȱtheȱrawȱSPOTȱimage,ȱinȱaccordanceȱwithȱtheȱIKONOSȱimageȱwasȱperformedȱinȱ
orderȱ thatȱ theȱ twoȱ imagesȱ (SPOTȱ andȱ IKONOS)ȱ fitȱ geographicallyȱ andȱ theȱ IKONOSȱ imageȱ
couldȱbeȱusedȱforȱtheȱselectionȱofȱtheȱtrainingȱandȱtestingȱsitesȱofȱtheȱSPOTȱimage.ȱRectificationȱ
isȱ theȱ processȱwherebyȱ theȱ geometryȱ ofȱ anȱ imageȱ isȱmadeȱ planimetricȱ (Jensen,ȱ 1996).ȱ Itȱ isȱ
necessaryȱ inȱcasesȱwhereȱ theȱpixelȱgridȱofȱ theȱ imageȱmustȱbeȱchangedȱ toȱ fitȱaȱmapȱprojectionȱ
systemȱ orȱ aȱ referenceȱ imageȱ (Schraderȱ andȱ Pouncy,ȱ 1997).ȱHence,ȱ rectificationȱ ofȱ theȱ SPOTȱ
imageȱ wasȱ carriedȱ outȱ beforeȱ itsȱ classification,ȱ althoughȱ someȱ analystsȱ haveȱ inȱ factȱ
recommendedȱ classificationȱpriorȱ toȱanyȱkindȱofȱgeometricȱ correctionȱ (Schraderȱ andȱPouncy,ȱ
1997).ȱ

TheȱRMSȱerrorȱofȱtheȱrectificationȱwasȱlessȱthanȱ0.5ȱpixels.ȱTheȱaccuracyȱofȱtheȱrectificationȱwasȱ
examinedȱ visuallyȱ byȱ overlayingȱ theȱ twoȱ images,ȱ althoughȱ regressionȱ analysisȱ usingȱ
independentȱpointsȱ isȱ theȱmostȱcommonȱmethodȱemployedȱ (SchraderȱandȱPouncy,ȱ1997).ȱTheȱ
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visualȱexaminationȱshowedȱthatȱtheȱtwoȱimagesȱgenerallyȱfitȱveryȱwellȱ(accuracyȱbetterȱthanȱoneȱ
pixel).ȱ

ba 

ȱ
 a) A section of the study area, as shown in the IKONOS image. b) The same area in the 

SPOT image. Note, that the features in the left hand image are very well defined, which is not the 
case for features in the right hand image. 

Classification of the images 

Classificationȱisȱtheȱprocessȱofȱsortingȱsingleȱorȱgroupedȱpixelsȱofȱanȱimageȱintoȱaȱfiniteȱnumberȱ
ofȱindividualȱclasses.ȱIfȱtheȱpixelsȱsatisfyȱaȱcertainȱsetȱofȱcriteria,ȱtheyȱareȱassignedȱtoȱtheȱclassȱ
thatȱcorrespondsȱtoȱtheseȱcriteriaȱ(SchraderȱandȱPouncy,ȱ1997).ȱInȱaȱsupervisedȱclassificationȱ(asȱ
opposedȱtoȱanȱunsupervisedȱclassification),ȱtheȱidentityȱandȱsomeȱofȱtheȱlocationsȱofȱtheȱclassesȱ
areȱknownȱaȱpriori,ȱtheseȱareasȱbeingȱcalledȱ�trainingȱsites�ȱ(Mauselȱetȱal.,ȱ1990).ȱTrainingȱsitesȱ
areȱ usedȱ toȱ defineȱ aȱ uniqueȱ �spectralȱ signature�ȱ forȱ everyȱ class;ȱ spectralȱ signaturesȱ areȱ theȱ
digitalȱ filesȱ fromȱ whichȱ theȱ decisionȱ rulesȱ ofȱ theȱ classificationȱ algorithmsȱ receiveȱ theȱ
information.ȱȱ

Aȱfundamentalȱpointȱinȱtheȱclassificationȱprocedureȱwhenȱmappingȱlandȱcoverȱisȱtheȱselectionȱ
ofȱtheȱclassificationȱscheme,ȱi.e.ȱaȱschemeȱofȱtaxonomicȱdefinitionsȱofȱclassesȱ(nomenclature)ȱthatȱ
areȱorganisedȱ accordingȱ toȱ logicalȱ criteriaȱ (Jensen,ȱ 1996).ȱAccordingȱ toȱCongaltonȱ andȱGreenȱ
(1999),ȱ itȱ isȱadvantageousȱ toȱuseȱaȱclassificationȱschemeȱ thatȱ isȱhierarchicalȱbecause,ȱ inȱsuchȱaȱ
system,ȱspecificȱcategoriesȱwithinȱ theȱclassificationȱschemeȱcanȱbeȱwithdrawnȱ toȱ formȱaȱmoreȱ
generalȱcategorisation.ȱȱ

TheȱCORINEȱ nomenclature,ȱ aȱ hierarchicalȱ classificationȱ scheme,ȱwasȱ chosenȱ forȱ theȱ currentȱ
classification.ȱCORINEȱ landȱcoverȱstandardsȱareȱtheȱofficialȱstandardsȱofȱtheȱEuropeanȱUnion,ȱ
andȱtheyȱareȱalsoȱwidelyȱadoptedȱinȱnonȬEUȱEuropeanȱandȱMediterraneanȱcountriesȱ(Perdigaoȱ
andȱAnnoni,ȱ 1997).ȱAccordingȱ toȱ Rhindȱ andȱHudsonȱ (1980),ȱ itȱ isȱ betterȱ toȱ adoptȱ reputableȱ
classificationȱ systemsȱ inȱ orderȱ toȱ interpretȱ theȱ resultsȱ inȱ theȱ lightȱ ofȱ thoseȱ obtainedȱ inȱ otherȱ
studiesȱandȱalsoȱbecauseȱofȱtheȱeaseȱwithȱwhichȱdataȱcanȱbeȱsharedȱ(Jensen,ȱ1996).ȱTheȱcurrentȱ
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classificationȱschemeȱconsistedȱofȱ11ȱclassesȱinȱtheȱcaseȱofȱtheȱSPOTȱimageȱclassification,ȱandȱ9ȱ
classesȱinȱthatȱofȱtheȱIKONOS,ȱtheȱdifferenceȱinȱclassȱnumberȱbeingȱdueȱtoȱtheȱexistenceȱofȱtheȱ
�sea�ȱ andȱ theȱ �coniferousȱ forests�ȱ classesȱ onlyȱ inȱ theȱ totalȱ studyȱ areaȱ coveredȱ byȱ theȱ SPOTȱ
imageȱandȱnotȱ inȱtheȱsubȬareaȱofȱspecialȱcomplexityȱcoveredȱbyȱtheȱIKONOSȱextractȱwindow.ȱ
Asȱ previouslyȱ mentioned,ȱ theȱ finalȱ decisionȱ asȱ toȱ howȱ toȱ classifyȱ anȱ areaȱ isȱ aȱ matterȱ ofȱ
subjectivity,ȱandȱtheȱqualityȱofȱtheȱresultȱdependsȱonȱtheȱanalyst�sȱskillsȱandȱtrainingȱ(Strandȱetȱ
al.,ȱ 2002).ȱ Theȱ classificationȱ schemeȱ adoptedȱ isȱ describedȱ inȱ detailȱ inȱ theȱ �Resultsȱ andȱ
Discussion�ȱsection.ȱȱ

Basedȱ onȱ theȱ interpretedȱ IKONOSȱ image,ȱ theȱ delineationȱ ofȱ theȱ trainingȱ sites,ȱ bothȱ inȱ theȱ
IKONOSȱandȱ theȱSPOTȱclassificationȱprocedures,ȱwasȱpreformedȱmanually.ȱTheȱ trainingȱsitesȱ
forȱ theȱ IKONOSȱ imageȱwereȱselectedȱsoȱasȱ toȱ includeȱallȱ theȱpossibleȱdifferentȱenvironmentalȱ
featuresȱ ofȱ aȱ certainȱ class,ȱ i.e.ȱ theȱ classȱ �oliveȱ groves�ȱ includedȱ bothȱ oliveȱ treesȱ andȱ soilȱ
background.ȱTheȱminimumȱsizeȱofȱtheȱtrainingȱsitesȱforȱtheȱSPOTȱ imageȱwasȱcalculatedȱusingȱ
theȱmathematicȱformulaȱintroducedȱbyȱJusticeȱandȱTownshendȱ(JusticeȱandȱTownshend,ȱ1981):ȱȱ

A = [P(1+2G)]2, where:  A = area to be sampled in square metres,  
P = pixel size in metres,  
G = geometric accuracy of the image in pixels.  

 

AccordingȱtoȱtheȱaboveȱformulaȱandȱwithȱgeometricȱaccuracyȱofȱtheȱSPOTȱimageȱbeingȱlessȱthanȱ
oneȱ pixelȱ inȱ mostȱ cases,ȱ theȱ minimumȱ sizeȱ ofȱ theȱ trainingȱ sitesȱ forȱ theȱ SPOTȱ imageȱ wasȱ
estimatedȱ toȱbeȱ 3,600ȱm2.ȱTheȱMaximumȱLikelihoodȱ (ML)ȱalgorithmȱwasȱ employedȱ forȱbothȱ
classificationȱattempts.ȱ

Accuracy assessment of the classified images 

Accuracyȱassessmentȱdeterminesȱtheȱqualityȱofȱtheȱinformationȱextractedȱfromȱremotelyȱsensedȱ
dataȱ (CongaltonȱandȱGreen,ȱ1999).ȱWhenȱquantitativelyȱassessingȱ theȱaccuracy,ȱ itȱ isȱ commonȱ
practiceȱtoȱemployȱanȱerrorȱmatrix.ȱErrorȱmatrixȱreportsȱinformationȱprovidedȱbyȱtheȱreferenceȱ
sitesȱandȱ thatȱprovidedȱbyȱ theȱmapȱ (classifiedȱ image)ȱ forȱaȱnumberȱofȱsamples.ȱBasedȱonȱ theȱ
errorȱ matrix,ȱ overall,ȱ producer�sȱ andȱ user�sȱ accuracyȱ canȱ thenȱ beȱ computedȱ (Storyȱ andȱ
Congalton,ȱ1986).ȱ

ȱ

Amongȱ severalȱ samplingȱ techniquesȱ usedȱ asȱ aȱmeansȱ ofȱ accuracyȱ testing,ȱ randomȱ stratifiedȱ
samplingȱwasȱemployed.ȱAroundȱtheȱselectedȱsamplingȱpoints,ȱ5x5ȱpixelȱwindowsȱwereȱusedȱasȱ
testingȱsitesȱforȱtheȱIKONOSȱclassifiedȱimage,ȱtheȱidentificationȱofȱtheȱclassȱbeingȱbasedȱonȱtheȱ
dominantȱ classȱ inȱ theȱ window.ȱ Inȱ theȱ caseȱ ofȱ theȱ SPOTȱ classifiedȱ image,ȱ theȱ singleȱ pixelȱ
approachȱ wasȱ adopted.ȱ Referencesȱ wereȱ takenȱ fromȱ theȱ IKONOSȱ imageȱ afterȱ aȱ visualȱ
estimationȱofȱtheȱdominantȱclassȱinȱaȱ5x5ȱpixelȱwindow.ȱAȱtotalȱofȱ200ȱandȱ50ȱsamplingȱpointsȱ
respectivelyȱ forȱ theȱ SPOTȱ andȱ IKONOSȱ classifiedȱ imageȱ accuracyȱ assessmentsȱ (withȱ aȱ
minimumȱofȱ5ȱpointsȱperȱclass)ȱwereȱtaken.ȱ

Results and Discussion 

Theȱ outputsȱ ofȱ theȱ classificationȱ comprisedȱ theȱ SPOTȱ classifiedȱ imageȱ andȱ theȱ IKONOSȱ
classifiedȱ imageȱ (Fig.ȱ6).ȱTheȱSPOTȱ classifiedȱ imageȱ resultedȱ inȱanȱoverallȱaccuracyȱofȱ36.0%,ȱ
whileȱ thatȱ ofȱ theȱ IKONOSȱ resultedȱ inȱ anȱ overallȱ accuracyȱ ofȱ 52.0%ȱ (anȱ increaseȱ ofȱ 16%).ȱ
However,ȱasȱfarȱasȱsomeȱparticularȱclassesȱareȱconcerned,ȱtheȱaccuracyȱofȱtheȱIKONOSȱclassifiedȱ
imageȱwasȱlowerȱthanȱthatȱofȱtheȱSPOTȱclassifiedȱimage.ȱ
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Classification Legend 

ȱ
 a) A subset of the SPOT classified image. b) The same subset of the IKONOS classified 
image. On the extreme right: the common legend of the two classified images. 

Givenȱthatȱtheȱpurposeȱofȱthisȱstudyȱwasȱtoȱinvestigateȱtheȱusefulnessȱandȱtheȱpotentialȱofȱtheȱ
twoȱ typesȱ ofȱ imageryȱ usedȱ ratherȱ thanȱ toȱ proposeȱ aȱ newȱ technique,ȱ aȱ traditional,ȱ
straightforwardȱalgorithm,ȱnamely,ȱtheȱMaximumȱLikelihoodȱ(ML),ȱwasȱemployed.ȱItȱshouldȱbeȱ
noted,ȱhowever,ȱthatȱinȱmostȱclasses,ȱDigitalȱNumbersȱ(DNs)ȱwithinȱtheȱsameȱclassȱdidȱnotȱhaveȱ
aȱ normalȱ distribution,ȱ asȱ itȱ isȱ assumedȱ byȱ theȱ MLȱ algorithm.ȱ Theȱ aforementioned,ȱ inȱ
combinationȱwithȱ theȱmediumȱorȱ lowȱspectralȱ resolutionȱ (smallȱnumberȱofȱspectralȱbands)ȱofȱ
bothȱtypesȱofȱimagery,ȱledȱtoȱlowȱaccuracyȱinȱbothȱclassificationȱattempts.ȱTheȱpotentialȱuseȱofȱ
moreȱ sophisticatedȱ classificationȱ techniques,ȱ suchȱ asȱObjectȬorientedȱ classification,ȱ SubȬpixelȱ
classification,ȱDiscriminantȱanalysisȱorȱFuzzyȱclassification,ȱmightȱpossiblyȱfurtherȱimproveȱtheȱ
accuracyȱofȱtheȱresultingȱlandȱcoverȱmaps.ȱȱ

Moreȱspecifically,ȱconcerningȱtheȱSPOTȱimageȱclassification,ȱtheȱlowȱaccuracyȱcanȱbeȱattributedȱ
toȱtheȱfollowing:ȱ

Üȱ theȱ considerableȱ heterogeneityȱ ofȱ theȱ landscape,ȱwhichȱ significantlyȱ affectedȱ theȱ spatialȱ
discriminationȱamongȱtheȱvariousȱclassesȱ(significantȱ�boundaryȱeffect�);ȱandȱ

Üȱ theȱ largeȱ numberȱ ofȱ classesȱ (11)ȱ selectedȱ toȱ compriseȱ theȱ classificationȱ scheme,ȱwhichȱ
furtherȱincreasedȱtheȱspectralȱdiffusionȱamongȱspectrallyȱneighbouringȱclasses.ȱ

ConcerningȱtheȱIKONOSȱimageȱclassification,ȱtheȱlowȱoverallȱaccuracyȱcanȱbeȱattributedȱtoȱtheȱ
following:ȱ

Üȱ theȱ selectionȱ ofȱ theȱCORINEȱ classificationȱ scheme,ȱwhichȱ resultedȱ inȱ anȱ increaseȱ inȱ theȱ
spectralȱvarianceȱofȱcertainȱclasses,ȱandȱthusȱ inȱtheȱdeteriorationȱofȱtheirȱpotentiallyȱclearȱ
spectralȱ signature;ȱ forȱ instance,ȱ oliveȱ trees,ȱwhichȱwereȱwellȱ discriminatedȱ asȱ separateȱ
featuresȱinȱtheȱIKONOSȱimage,ȱwereȱmixedȱwithȱtheirȱsoilȱbackgroundȱinȱorderȱtoȱformȱtheȱ
�oliveȱgroves�ȱclass.ȱAsȱCORINEȱisȱdesignedȱmainlyȱtoȱserveȱmediumȱresolutionȱimagery,ȱ
suchȱasȱthatȱofȱSPOT4ȱorȱLANDSATȱTM,ȱtheȱpotentialȱadvantageȱofȱtheȱveryȱhighȱspatialȱ
resolutionȱofȱtheȱIKONOSȱimageȱremainedȱunexploitedȱ(seeȱoverleaf,ȱforȱanȱexplanationȱofȱ
theȱ�withinȬclassȱvariability�ȱphenomenon);ȱandȱ
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Üȱ theȱ veryȱ lowȱ accuracyȱ recordedȱ forȱ fewȱ certainȱ classes,ȱ suchȱ asȱ �fruitȱ plantations�ȱ andȱ
�oliveȱgroves�,ȱwhichȱconsiderablyȱaffectedȱtheȱoverallȱresult.ȱ

Aȱdetailedȱ readingȱofȱ theȱ classificationȱ resultsȱ showedȱ thatȱ theȱdegreeȱofȱ accuracyȱ increasedȱ
whenȱspatialȱresolutionȱ increasedȱ(SPOTȱåȱIKONOS)ȱforȱallȱclassesȱbutȱthree:ȱ�oliveȱgroves�,ȱ
�fruitȱplantations�,ȱandȱ�grassland�ȱ(Tablesȱ2ȱandȱ3).ȱTheȱaforementionedȱreductionȱinȱaccuraciesȱ
canȱ logicallyȱ beȱ attributedȱ toȱ theȱ considerableȱ withinȬclassȱ variabilityȱ ofȱ theȱ classesȱ underȱ
consideration,ȱ particularlyȱ �oliveȱ groves�ȱ andȱ �fruitȱ plantations�.ȱ Bothȱ theseȱ twoȱ classesȱ
comprisedȱtwoȱcompletelyȱdifferentȱfeatures,ȱnamelyȱtreesȱandȱsoil;ȱthus,ȱtheȱspectralȱsignatureȱ
ofȱ theseȱ classesȱ showedȱhighȱ spectralȱvariance,ȱ resultingȱ inȱ aȱ considerablyȱuncertainȱoutput.ȱ
Theseȱresultsȱareȱinȱaccordanceȱwithȱthoseȱofȱseveralȱpastȱprojects,ȱ inȱwhichȱ increasingȱspatialȱ
resolutionȱresultedȱinȱhigherȱclassificationȱaccuracyȱonlyȱwithȱregardȱtoȱlandscapesȱcomprisingȱ
smallȱorȱlinearȱsurfaceȱfeaturesȱandȱwhereȱtheȱimprovementȱcouldȱbeȱattributedȱtoȱtheȱreducedȱ
boundaryȱeffectȱovercomingȱtheȱincreasedȱwithinȬclassȱvariabilityȱ(Lattyȱetȱal.,ȱ1985).ȱTherefore,ȱ
theȱ advantageȱ ofȱ highȱ spatialȱ resolutionȱ canȱ beȱ appreciatedȱ onlyȱ ifȱ theȱ fieldsȱ areȱ highlyȱ
homogeneousȱ(Hsiehȱetȱal.,ȱ2001).ȱȱ

 The accuracy assessment results (error matrix) of the SPOT image 

Class Name 
Reference 

Totals 
Classified 

Totals 
Number 
Correct 

Producers 
Accuracy 

Users 
Accuracy 

Unclassified 0 0 0 --- --- 

Olive groves 29 17 7 24.14% 41.18% 

Pasture 7 37 5 71.43% 13.51% 

Fruit plantations 4 19 2 50.00% 10.53% 

Vineyards 0 10 0 --- 0.00% 

Coniferous forests 3 12 1 33.33% 8.33% 

Broad-leaved forests 4 20 2 50.00% 10.00% 

Sclerophyllous vegetation 61 18 15 24.59% 83.33% 

Grassland 57 20 16 28.07% 80.00% 

Open areas 15 15 7 46.67% 46.67% 

Artificial surfaces 0 15 0 --- 0.00% 

Sea 19 17 17 89.47% 100.00% 

Totals 200 200 72   

Overall Classification Accuracy = 36.00%    

 

Missingȱvaluesȱ inȱ theȱproducer�sȱaccuracyȱcolumnȱ forȱ�vineyards�ȱandȱ�artificialȱsurfaces�ȱ inȱ
theȱerrorȱmatrixȱofȱtheȱSPOTȱimageȱclassificationȱ(Tableȱ2)ȱcouldȱbeȱexplainedȱbyȱtheȱfactȱthat,ȱinȱ
stratifiedȱrandomȱsampling,ȱwhichȱwasȱselected,ȱitȱwasȱpossibleȱthatȱsomeȱsamplesȱofȱaȱcertainȱ
classȱinȱtheȱclassifiedȱimageȱdidȱnotȱcorrespondȱtoȱanyȱsamplesȱofȱtheȱsameȱclassȱinȱtheȱreferenceȱ
dataset.ȱ Forȱ theȱ vineyardsȱ andȱ theȱ artificialȱ surfacesȱ ofȱ thisȱ particularȱ studyȱ area,ȱ thisȱwasȱ
highlyȱpossibleȱaȱpriori,ȱsinceȱtheseȱclassesȱaccountedȱforȱonlyȱsmallȱsectionsȱofȱtheȱtotalȱstudyȱ
area.ȱ Theȱ onlyȱ techniqueȱ thatȱ couldȱ ensureȱ theȱ participationȱ ofȱ everyȱ classȱ inȱ theȱ referenceȱ
datasetȱwasȱ theȱselectionȱofȱreferenceȱdataȱ inȱsitu,ȱnotwithstandingȱ theȱ factȱ thatȱseveralȱotherȱ
limitationsȱwouldȱarise.ȱ

Withȱregardȱtoȱtheȱplanningȱandȱexecutionȱofȱtheȱoverallȱwork,ȱandȱinȱparticularȱtheȱfieldwork,ȱ
theȱIKONOSȱimageȱprovedȱtoȱbeȱaȱveryȱusefulȱtoolȱforȱfeatureȱidentificationȱandȱlocation.ȱTheȱ
useȱofȱ falseȬcolourȱhardȱ copiesȱofȱ theȱ IKONOSȱ imageȱ inȱ theȱ fieldȱprovedȱ toȱbeȱ anȱ adequateȱ
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means,ȱ renderingȱ theȱ useȱ ofȱ aȱ GPSȱ systemȱ lessȱ necessary.ȱMoreover,ȱ dueȱ toȱ theȱmoderateȱ
positionalȱ precisionȱ ofȱ SPOTȱ imagery,ȱ theȱ collectionȱ ofȱ trainingȬsitesȱ andȱ testingȬsitesȱmightȱ
possiblyȱ haveȱ beenȱ aȱ veryȱ difficultȱ taskȱ forȱ theȱ SPOTȱ image,ȱwithȱ aȱ doubtfulȱ outputȱ andȱ
possiblyȱworseȱclassificationȱresultsȱifȱaȱGPSȱreceiverȱhadȱbeenȱusedȱforȱfeatureȱlocation.ȱ

 The accuracy assessment results (error matrix) of the IKONOS image 

Class Name 
Reference 

Totals 
Classified 

Totals 
Number 
Correct 

Producers 
Accuracy 

Users 
Accuracy 

Unclassified 1 0 0 0.00% --- 

Olive groves 4 6 2 50.00% 33.33% 

Pasture 1 5 1 100.00% 20.00% 

Fruit plantations 2 7 0 0.00% 0.00% 

Vineyards 3 5 2 66.67% 40.00% 

Broad-leaved forests 6 5 5 83.33% 100.00% 

Sclerophyllous vegetation 14 6 5 35.71% 83.33% 

Grassland 3 5 3 100.00% 60.00% 

Open areas 10 6 5 50.00% 83.33% 

Artificial surfaces 6 5 3 50.00% 60.00% 

Totals 50 50 26   

Overall Classification Accuracy = 52.00%    

 Characteristics of the SPOT4 Xi and IKONOS imagery used, as well as of the produced 
mapping products 

Characteristics SPOT4 Xi IKONOS (Pansharpened) 

Purchasing cost Medium Very high 

Hardware requirements Normal Extremely high 

Visualisation False-colour True-colour, false-colour 

Visual interpretation Low Aerial photography principles 

Usefulness in the fieldwork Very low Decisive (work planning, feature 
identification and location) 

Usefulness in training and testing sites collection Low Excellent 

Usefulness in spectral signature separability Medium Low 

Overall accuracy 36% 52% 

Cartographic scale 1:40 000 1:2 000 

Map sheet coverage(A0) 1,600 km2 4 km2 

 

Theȱfieldȱsurveyȱobservationsȱprovidedȱconsiderableȱbackupȱtoȱtheȱvisualȱinterpretationȱofȱtheȱ
IKONOSȱ image,ȱ relievingȱ certainȱ restrictionsȱ andȱ difficultiesȱ inherentȱ inȱ theȱ initialȱ visualȱ
interpretationȱapproach.ȱAlthoughȱStrandȱ etȱal.ȱ (2002)ȱshowedȱ thatȱ thereȱwasȱnoȱobviousȱ linkȱ
betweenȱ fieldȱ experienceȱ andȱ theȱ successȱ rateȱ ofȱ landȱ coverȱmapping,ȱwhenȱ colouredȱ aerialȱ
photographsȱwereȱusedȱinȱaȱstudyȱinȱNorway,ȱtwoȱpointsȱareȱimportantȱtoȱemphasise.ȱFirstly,ȱ
theȱtwoȱtypesȱofȱenvironmentȱ(i.e.,ȱthatȱofȱNorwayȱandȱthatȱofȱtheȱMediterranean)ȱareȱnoticeablyȱ
different,ȱandȱsecondlyȱbecauseȱIKONOSȱimageryȱisȱaȱrelativelyȱnewȱproduct,ȱitȱisȱnecessaryȱtoȱ
employȱallȱtheȱmeansȱavailableȱinȱorderȱtoȱrealiseȱandȱexploreȱitsȱfullȱpotential.ȱ
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Byȱassumingȱtheȱlowestȱsizeȱlimitȱofȱanȱobjectȱthatȱcanȱbeȱusefullyȱshownȱonȱaȱpaperȱmapȱtoȱbeȱ
0.5ȱmmȱasȱaȱruleȱofȱthumb,ȱtheȱcartographicȱoutputȱstandardsȱforȱtheȱtwoȱclassifiedȱimagesȱwereȱ
determinedȱ (Caoȱ andȱ SiuȬNgan,ȱ 1997).ȱ Aȱ comparativeȱ summaryȱ ofȱ allȱ theȱ aforementionedȱ
characteristicsȱofȱtheȱtwoȱtypesȱofȱimageryȱusedȱandȱtheirȱmappingȱproductsȱisȱgivenȱinȱTableȱ4.ȱ

Conclusions 

Theȱpresentȱ studyȱ investigatedȱ theȱpotentialȱofȱ theȱ combinedȱuseȱofȱSPOT4ȱXiȱandȱ IKONOSȱ
imageryȱforȱmappingȱlandȱcoverȱinȱtheȱMediterranean.ȱOneȱmajorȱfindingȱofȱtheȱstudyȱwasȱthatȱ
theȱclassificationȱaccuracy,ȱbasedȱonȱIKONOSȱimagery,ȱimprovedȱbyȱ16%ȱ(i.e.,ȱfromȱ36%ȱinȱtheȱ
SPOTȱtoȱ52%ȱinȱtheȱIKONOSȱimagery).ȱ

TheȱinvestigationȱalsoȱservedȱtoȱhighlightȱtheȱadvantagesȱandȱdisadvantagesȱofȱusingȱIKONOSȱ
imageryȱ forȱ specificȱ stagesȱ ofȱ theȱ classificationȱ procedure.ȱ Theȱ mainȱ advantagesȱ canȱ beȱ
summarisedȱasȱfollows:ȱ

Üȱ visualȱinterpretationȱofȱtheȱIKONOSȱimageȱappearedȱtoȱbeȱbasedȱonȱtheȱsameȱprinciplesȱasȱ
thoseȱofȱaerialȱphotography,ȱwithȱwhichȱmanyȱremoteȱsensingȱexpertsȱareȱfamiliar;ȱ

Üȱ IKONOSȱimageȱfacilitatedȱfieldworkȱ(workȱplanning,ȱfeatureȱidentificationȱandȱlocation);ȱ

Üȱ IKONOSȱ imageȱ wasȱ suitableȱ forȱ useȱ asȱ aȱ referenceȱ forȱ theȱ SPOTȱ imageȱ geometricȱ
correction,ȱhence,ȱtheȱneedȱforȱaȱtopographicȱmapȱwasȱeliminated;ȱ

Üȱ IKONOSȱimageȱcanȱbeȱsuccessfullyȱusedȱduringȱtheȱcollectionȱofȱtrainingȬsitesȱandȱtestingȬ
sitesȱforȱtheȱSPOTȱimage;ȱandȱ

Üȱ IKONOSȱ imageȱ improvedȱ theȱ accuracyȱ ofȱ thoseȱ classesȱ withȱ lowȱ spectralȱ varianceȱ
(homogenous),ȱforȱexample,ȱ�broadȬleavedȱforests�ȱandȱ�artificialȱsurfaces�.ȱ

TheȱmainȱdisadvantagesȱofȱusingȱIKONOSȱimageryȱwereȱtheȱfollowing:ȱ

Üȱ IKONOSȱimageryȱincurredȱaȱhighȱpurchasingȱcost;ȱ

Üȱ IKONOSȱdataȱimposedȱseriousȱhardwareȱrequirements;ȱ

Üȱ IKONOSȱdataȱneededȱlengthyȱprocessing;ȱ

Üȱ visualȱinterpretationȱofȱtheȱIKONOSȱimageȱnecessitatedȱfieldwork;ȱandȱ

Üȱ IKONOSȱ imageȱ worsenedȱ theȱ accuracyȱ ofȱ thoseȱ classesȱ withȱ highȱ spectralȱ varianceȱ
(heterogeneous),ȱforȱexample,ȱ�oliveȱgroves�ȱandȱ�fruitȱplantations�.ȱ

Consideringȱ theȱ aboveȱ mentionedȱ points,ȱ itȱ canȱ beȱ concludedȱ thatȱ IKONOSȱ imageryȱ isȱ
considerablyȱuseful,ȱthoughȱnotȱtechnicallyȱandȱfinanciallyȱfeasibleȱifȱitȱwereȱtoȱbeȱemployedȱasȱ
theȱmainȱdataȱsourceȱforȱmappingȱtheȱlandȱcoverȱofȱaȱMediterraneanȱlandscape.ȱNevertheless,ȱ
itsȱ useȱ asȱ anȱ ancillaryȱ dataȱ sourceȱ toȱ dealȱ withȱ areasȱ ofȱ specialȱ complexity,ȱ forȱ whichȱ
classificationȱbasedȱonȱSPOT4ȱXiȱimageryȱdoesȱnotȱgiveȱsatisfactoryȱresults,ȱisȱbothȱhelpfulȱandȱ
feasibleȱinȱtechnicalȱasȱwellȱasȱinȱfinancialȱsense.ȱHence,ȱtheȱcombinedȱuseȱofȱtheȱtwoȱtypesȱofȱ
imageryȱappearsȱtoȱbeȱtheȱmostȱfavourableȱalternative.ȱȱ

Theȱbasicȱhypothesisȱofȱtheȱwork,ȱi.e.ȱthatȱlandȱcoverȱmappingȱofȱtheȱMediterraneanȱlandscape,ȱ
whichȱisȱcurrentlyȱbasedȱonȱtheȱuseȱofȱSPOTȱorȱTMȱimagery,ȱcanȱbeȱimprovedȱwhenȱIKONOSȱ
imageryȱisȱemployedȱforȱmappingȱparticularlyȱcomplexȱareas,ȱwasȱconfirmed.ȱHowever,ȱitȱmustȱ
beȱnotedȱ thatȱ theȱ aforementionedȱ resultsȱ andȱ conclusionsȱwereȱonlyȱbasedȱonȱ aȱpreliminaryȱ
investigationȱofȱ theȱusefulnessȱandȱ theȱpotentialȱofȱ IKONOSȱ imagery,ȱwithoutȱ aimingȱatȱ theȱ
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developmentȱofȱaȱnewȱclassificationȱmethod.ȱNewȱresearchȱisȱcurrentlyȱinȱprogressȱfocusingȱonȱ
theȱ employmentȱofȱmoreȱ advancedȱ classificationȱ techniques,ȱ suchȱ asȱobjectȬorientedȱ analysisȱ
andȱtheȱuseȱofȱsoftȱclassifiers,ȱinȱorderȱtoȱexploitȱallȱtheȱadvantagesȱofȱIKONOSȱimageryȱsetȱoutȱ
inȱ thisȱpaperȱandȱ thusȱ furtherȱ improveȱ classificationȱaccuracyȱwhenȱmappingȱMediterraneanȱ
landscapes.ȱ
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